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The relation among right ventricular preload, afterload
and ejection fraction in patients with mitral valve disease
has not been well elucidated. In this study, measure-
ments were made of intracardiac pressures and forward
cardiac output during cardiac catheterization (n =43),
the ejection fraction by radionuclide angiography (n =
43) and end-systolic radius and wall thickness by M-
mode echocardiography (n = 22). There was a linear
correlation between pulmonary artery pressure and right
atrial pressure (r = 0.57, P < 0.01). The right ventric-
ular peak circumferential systolic wall stress was in-
creased in 68% of the patients (in comparison with wall
stress measurements obtained in 10 normal subjects).
The right ventric\!lar ejection fraction was abnormal in
38 patients (88%) and abnormal in 14 of the 15 patients
The determinants of right ventricular function in mitral valve
disease are not well known. The paucity of information may
be due to the fact that right ventricular cineangiography is
not performed routinely during diagnostic catheterization in
patients with mitral valve disease; right ventriculography is
usually reserved for patients with suspected tricuspid re-
gurgitation (primary or secondary). Furthermore, unlike the
left ventricle, the right does not readily conform to a geo-
metric model for which appropriate equations can be used
to calculate the ejection fraction and volume (1,2).
Another important factor may be the interdependence of
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with high wall stress. There W!lS an inverse correlation
between ejection fraction and end-diastolic volume (r =
- 0.61, P < 0.001). The right ventricular ejection frac-
tion measurement was repeated within 3 months after
mitral valve replacement in 16 patients; the ejection frac-
tion increased from 21 :;!: 9 to 29 ± 10% (mean ±
stand!lrd deviation) after surgery (p < 0.01), but nor-
malization of the ejection fraction was observed in only
3 patients (19%).
Thus, abnormal right ventricular ejection fraction,
which is observed in most patients with rheumatic mitral
valve disease, results from inappropriate wall stress or
depressed inotropic response of the right ventricle due
to damage. Right ventricular dilation appears to be a
compensatory mechanism to maintain the cardiac output.
the left and right ventricles, both anatomically and func-
tionally, through the common ventricular septum. Experi-
mental and clinical studies (3-5) indicate that the ventricular
septum contributes to right ventricular function and that
changes in pressure and volume in one chamber affect the
pressure and volume in the other chamber. For this reason,
right ventricular contractile indexes derived from right ven-
tricular pressure may not be reliable. Abnormal right ven-
tricular function in mitral valve disease may be due to in-
crease in afterload, chronic volume overload (increase in
preload), depression of contractility or a combination of
these factors. An increase in pulmonary artery pressure may
not be a true representation of afterload because of con-
comitant changes in ventricular dimension and wall thick-
ness. Changes in pressure, wall thickness and dimension
can be characterized by changes in wall stress.
The purpose of our study was to ascertain the determi-
nants of right ventricular function in patients with mitral
valve disease by hemodynamic, echocardiographic and
radionuclide methods.
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Methods
Study patients. The study group consisted of 43 patients
who had mitral valve disease determined by cardiac cath-
eterization and in whom echocardiographic and radionuclide
angiographic studies were available within 2 weeks of the
cardiac catheterization. The radionuclide and catheterization
studies were performed within I week of each other in 32
of the 43 patients. Twenty-two patients had pure or dominant
mitral stenosis, and 21 patients had mitral regurgitation (6).
Atrial fibrillation was present in 28 patients, and 12 patients
had associated coronary artery disease; none had electro-
cardiographic evidence of prior myocardial infarction.
The data in patients with mitral valve disease were com-
pared with those obtained in 10 normal subjects who had
normal hemodynamics, left ventriculograms and coronary
angiograms.
Hemodynamic measurements. None of the 43 study
patients was suspected of having tricuspid regurgitation clin-
ically; however, right ventriculography was performed in
only a few patients to exclude this diagnosis. We assessed
the severity of mitral stenosis using the Godin formula, with
simultaneous measurements of the left ventricular and pul-
monary artery wedge pressures and cardiac output (7). The
forward cardiac output was measured by either the ther-
modilution method or the Fick method (using measured
oxygen consumption in most patients), or both techniques.
The degree of mitral regurgitation was assessed qualitatively
during left ventriculography and quantitatively by measuring
the regurgitant fraction. The pulmonary vascular resistance
(dynes . s . cm - 5) was measured by the following formula:
MPAP - MPAWP
CO x 80,
where MPAP is mean pulmonary artery pressure (in mm
Hg), MPAWP is mean pulmonary artery wedge pressure
(in mm Hg) and CO is cardiac output (in liters/min).
The left ventricular ejection fraction and volumes were
measured from the left cineventriculogram by the ar~a-Iength
method (8). The right ventricular end-diastolic volume was
determined by dividing the forward stroke volume by the
radionuclide-derived right ventricular ejection fraction.
Radionuclide angiography. We measured the right
ventricular ejection fraction in 30 patients using first-pass
radionuclide angiography in the anterior projection with a
multicrystal camera (9). In the remaining 13 patients, we
measured the right ventricular ejection fraction by multi-
gated blood pool imaging in the left anterior oblique pro-
jection, which best defined the ventricular septum, with an
Anger scintillation camera (Ohio Nuclear series 420 mobile
camera with 550 computer) (10). The ejection fraction was
measured by previously described methods (9,10) as follows:
End-diastolic counts - End-systolic counts----------"------ x 100.
End-diastolic counts
Sixteen patients underwent mitral valve replacement;
radionuclide angiographic studies were performed within 3
months after the surgery. In all 16 patients, the ejection
fraction was measured by first-pass radionuclide angiogra-
phy before and after valve replacement.
Echocardiography. M-mode echocardiograms were
obtained in 22 patients. The ventricular septal thickness,
right ventricular free-wall thickness and right ventricular
dimensions were measured at end-diastole and end-systole
according to previously described methods (11,12).
Wall stress calculations. The right ventricular peak cir-
cumferential wall stress was calculated by the method of
Quinones et al. (13) as follows:
P x r
h '
where P is right ventricular peak systolic pressure (mm Hg);
r is end-systolic dimension divided by 2 (cm) and h is the
end-systolic wall thickness (cm). The wall stress calculated
by this method may reflect end-systolic rather than peak
systolic stress.
Because of the variation in the thickness of the septum
and free wall and the previous data suggesting that the
ventricular septum contributes to right ventricular function
(3), the wall stress was calculated by three methods in each
patient as well as the 10 normal subjects. In the first method,
the right ventricular wall thickness was assumed to be com-
parable with the end-systolic right ventricular free wall
thickness. In the second method, it was assumed to be
comparable with the end-systolic ventricular septal thick-
ness. In the third method, it was assumed to be the average
of the thicknesses of the ventricular septum and the right
ventricular free wall.
Statistical analysis. The t test or analysis of variance
was performed when appropriate. Linearity of relation be-
tween two variables was assessed by linear regression anal-
ysis (probability [p) < 0.05 was considered significant).
Results are expressed as the mean ± standard deviation.
Results
Hemodynamic data (Tables 1 and 2, Fig. 1 to 3). The
pertinent data in patients with mitral valve disease are sum-
marized in Table I and Figure I. The patients with asso-
ciated coronary artery disease did not differ from those
without coronary artery disease (Table 2). A statistically
significant correlation was found between pulmonary artery
pressure (afterload) and mean right atrial pressure (preload)
(Fig. 2).
The right ventricular ejection fraction was abnormal «
40%) in 38 patients. The correlation of the right ventricular
ejection fraction with systolic pulmonary artery pressure,
right ventricular end-diastolic volume, left ventricular ejec-
tion fraction and wall stress is shown in Figure 3. There
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Age (yr)
Men
Women
LVSP (mm Hg)
LVEDP (mm Hg)
PAWP (mm Hg)
Mean PAP (mm Hg)
RVSP (mm Hg)
RVEDP (mm Hg)
Mean RAP (mm Hg)
CI (liters/min per m2 )
MVA (cm2)
Associated CAD
PVR (dynes.s.cm 5)
LVEF (%)
LVEDV(ml)
RVEF (%)
No.
4
18
6
Mitral Stenosis Mitral Regurgitation
(n = 22) (n = 21)
(%) Mean ± SO No. (%) Mean ± SO p Value
60 ± 9 54 ± 16 NS
(18) 8 (38) NS
(82) 13 (62) NS
135 ± 23 122 ± 26 NS
14 ± 5 20 ± II < 0.04
25 ± 8 22 ± 8 NS
40 ± 20 32 ± 10 NS
61 ± 30 45 ± 15 < 0.03
13 ± 6 10 ± 7 NS
II ± 5 9 ± 6 NS
2.1 ± 0.4 2.5 ± 0.5 < 0.Q2
1.0 ± 0.4
(27) 6 (29) NS
425 ± 483 198 ± 93 < 0.05
49 ± 14 57 ± 15 NS
146 ± 68 212 ± 122 < 0.05
29 ± 12 23 ± 10 NS
CAD = coronary artery disease; CI cardiac index; LVEDP = left ventricular end-diastolic pressure; LVEDV = left ventricular end-diastolic
volume; LVEF = left ventricular ejection fraction; LVSP = left ventricular systolic pressure; MVA = mitral valve area; n = number of patients; NS
= not significant; p = probability; PAP = pulmonary artery pressure; PAWP = pulmonary artery wedge pressure; PVR = pulmonary vascular resistance;
RAP = right atrial pressure; RVEDP = right ventricular end-diastolic pressure; RVEF = right ventricular ejection fraction; RVSP = right ventricular
systolic pressure; SO = standard deviation.
was a significant inverse correlation between right ventric-
ular ejection fraction and end-diastolic volume (r = - 0.61,
P < 0.001). In the 30 patients in whom the ejection fraction
was measured by first-pass radionuclide angiography, there
was also significant correlation between right ventricular
ejection fraction and end-diastolic volume (r = -0.74, P
< 0.001), but no significant correlation between ejection
fraction and systolic pulmonary artery pressure (r = - 0.36,
> 0.05 P < O. I), between ejection fraction and wall stress
(n = 14, r = 0.22, P = not significant [NS]) and between
right and left ventricular ejection fraction (r = 0.04, P =
NS). There was no correlation between right ventricular
Table 2. Data in Patients With Mitral Valve Disease in Relation to the Presence or Absence of Associated Coronary Artery
Disease (CAD)
No CAD CAD
(n = 31) (n = 12)
No. (%) Mean ± SO No. (%) Mean ± SO P Value
Men 8 (26) 4 (33) NS
Woman 23 (74) 8 (67) NS
LVSP (mm Hg) 128 ± 24 132 ± 27 NS
LVEDP (mm Hg) 17 ± 10 18 ± 7 NS
PAWP (mm Hg) 24 ± 8 23 ± 7 NS
Mean PAP (mm Hg) 36 ± 16 40 ± 16 NS
RVSP (mm Hg) 52 ± 26 59 ± 22 NS
RVEDP (mm Hg) 13 ± 6 10 ± 6 NS
Mean RAP (mm Hg) II ± 6 9 ± 6 NS
CI (liters/min per m2) 2.3 ± 0.6 2.0 ± 0.4 NS
MS 16 (52) 6 (50) NS
MR 15 (48) 6 (50) NS
PVR (dynes's'cm - 5) 284 ± 337 435 ± 423 NS
LVEF (%) 53 ± 14 51 ± 17 NS
LVEDV(ml) 186 ± 104 153 ± 103 NS
RVEF (%) 25 ± 13 29 ± 9 NS
MR = mitral reguritation; MS = mitral stenosis. Other abbreviations as in Table I.
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Figure 1. End-systolic wall stress, end-systolic radius, end-sys-
tolic free wall thickness (ES-FWT) and end-systolic ventricular
septal thickness (ES-VST) (em) in normal subjects (NL), patients
with mitral stenosis (MS) and patients with mitral regurgitation
(MR). The mean values ± standard error are also shown.
ejection fraction and pulmonary vascular resistance (r =
0.02).
Echocardiographic measurements (Tables 3 and 4).
The echocardiographic measurements of the right ventric-
ular end-systolic dimension and wall thickness in the normal
subjects are shown in Table 3; those with mitral valve dis-
ease are shown in Table 4. The wall stress was above the
upper limits of normal in 15 (68%) of the 22 patients. The
wall stress was significantly higher in patients with mitral
stenosis or mitral regurgitation than in normal subjects (p
< 0.01 and < 0.05, respectively). The ejection fraction
was reduced in 14 of these 15 patients. Six of the seven
patients with normal wall stress had abnormal ejection frac-
tion. The patients who had echocardiographic studies did
not differ from the remaining patients who did not have
such studies (Table 5).
Patients with mitral valve replacement. In this subset
of 16 patients, repeat ejection fraction measurement within
3 months of surgery showed significant improvement (Fig.
4); however, normalization of the ejection fraction was ob-
served in only three patients (19%). Improvement in ejection
fraction was seen in four patients with normal preoperative
wall stress and in the seven patients with inappropriate wall
stress. Preoperative wall stress measurements were not
available for the remaining five patients.
Discussion
Previous studies of right ventricular perform-
ance. The right ventricular function curves (stroke work
versus filling pressure) are linear or hyperbolic in dogs and,
thus, differ from left ventricular function curves that show
a steep increase initially followed by a plateau (14). Weiner
et al. (15) studied 19 patients (13 of whom had mitral valve
disease) and measured pulmonary artery pressure, right atrial
pressure and cardiac output at rest and during exercise. As
in our study (Fig. I), a linear correlation between right
ventricular preload (mean right atrial pressure) and afterload
(pulmonary artery pressure) was found. The right ventricular
function curves were normal in 14 of their 19 patients.
The right ventricular performance has been studied ex-
tensively in patients with pulmonary embolism (16), but
right ventricular function in patients with mitral valve dis-
ease has not been elucidated satisfactorily (17,18). In a
recent extensive review (19) on right ventricular function,
no mention was made of function in patients with mitral
valve disease. Several noninvasive techniques can determine
the presence or absence of right ventricular pressure or vol-
ume overload. These include electrocardiography, vector-
cardiography and chest roentgenography, but none can eval-
uate right ventricular systolic performance (19). Increased
right ventricular thallium-20 I uptake in rest images has also
been reported in patients with right ventricular pressure or
volume overload but, again, this is not an index of right
Figure 2. Correlation between mean pulmonary artery pressure
and mean right atrial pressure. MR == mitral regurgitation; MS
== mitral stenosis; NS == not significant; P == probability; r ==
correlation coefficient.
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Figure 3. Correlation between right ventricular
ejection fraction (RVEF) and left ventricular ejec-
tion fraction (LVEF). systolic pulmonary artery
pressure, peak circumferential wall stress and right
ventricular end-diastolic volume (RV EDV). Closed
circles represcnt patients with mitral stcnosis (MS),
and open circles thosc with mitral regurgitation
(MR). Abbreviations as before.
ventricular contractile function (20-22). Cineangiography
may still be the reference standard for evaluating right ven-
tricular function (1,2,19). However, there are several lim-
itations that include the geometric shape of the right ventricle
(1,2), the depressant effect of contrast material on ventric-
ular function (23) and the risk and inconvenience, all factors
making right ventricular cineangiography unsuitable for se-
rial examinations.
Two-dimensional echocardiography versus radio-
nuclide angiography. Two-dimensional echocardiography
(24-27) and radionuclide angiography (9,10,28-30) are useful
for evaluating right ventricular function. Two-dimensional
echocardiography has the same disadvantage as cinean-
giography, in that ejection fraction and volumes measured
with this technique rely on geometric assumptions. In con-
strast, ejection fraction measurement with radionuclide an-
giography is performed with a nongeometric method that
depends on count changes. Radionuclide angiography with
the first-pass technique is probably the method of choice as
it is superior to multigated blood pool imaging because it
allows temporal separation of the right ventricle from the
left ventricle (31). In addition, the multicrystal camera (used
in most patients in our study) may offer additional advan-
tages over the single crystal camera in first-pass studies
because of its high counting efficiency.
Causes of poor right ventricular performance in mi·
tral valve disease. There are several possible influences on
right ventricular performance in patients with mitral valve
disease. These include increase in the afterload, increase in
preload (because of tricuspid regurgitation or pulmonary
valve regurgitation), interaction between the left and right
ventricles through the common septum and depression of
contractility. In some patients, rheumatic myocarditis may
be a cause of decreased contractility (32). For these reasons,
our finding of depressed right ventricular ejection fraction
in most patients with mitral valve disease was not unex-
pected. Right ventricular dysfunction was far more severe
than left ventricular dysfunction in these patients (Fig. 2).
Increase in the afterload may be an important determi-
nant ofabnormal right ventricular performance. The results
of our study support this concept because the wall stress
was elevated in most of our patients. Also, the improvement
in right ventricular ejection fraction after valve surgery (pre-
sumably secondary to a decrease in wall stress) substantiates
the important effect of abnormal wall stress on right ven-
tricular performance. However, it should be noted that nor-
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Table 3. Right Ventricular Echocardiographic Data, Wall Stress and Pulmonary Artery Pressure
in 10 Normal Subjects
Wall Stress*
Subject ES-YST ES-FWT SPAP 2 3
I 0.8 1.2 0.8 24 24 16 19
2 1.3 1.0 0.6 24 50 30 37
3 0.9 1.2 0.7 28 36 21 26
4 1.0 1.1 0.6 28 49 26 34
5 0.9 1.1 0.5 18 30 13 19
6 1.0 1.1 0.5 24 50 22 31
7 1.1 1.2 0.8 23 31 21 25
8 0.5 1.1 0.7 37 23 15 18
9 1.0 1.3 1.0 20 20 15 17
10 0.9 0.9 0.5 24 45 25 32
Mean 0.9 1.1 0.7 25 36 21 26
± SO 0.2 0.1 0.2 5 12 6 7
ES-FWT = end-systolic free wall thickness (cm); ES-YST = end-systolic ventricular septal thickness (cm);
SPAP = systolic pulmonary artery pressure (mm Hg);* I, 2, 3 = peak circumferential wall stress calculated
by assuming wall thickness to be equal to end-systolic free wall thickness in method I, to end-systolic ventricular
septal thickness in 2 and to the average of both in 3.
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malization of the right ventricular ejection fraction was ob- be due to persistence of inappropriate wall stress. There
served in only a few patients after valve replacement. The were no clinical findings in these patients suggestive of
precise reason for this finding is unknown but may be related prosthetic valve dysfunction, and all showed symptomatic
to irreversible depression in the inotropic state of the ven- improvement, despite the fact that hemodynamic measure-
tricle (that is, irreversible damage); or alternatively, it might ments were not obtained after valve surgery.
Table 4. Echocardiographic Data, Wall Stress and Right Ventricular Ejection Fraction (RVEF)
in 22 Patients With Mitral Valve Disease (MVD)
Wall Stress
Subject MYO ES-YST ES-FWT SPAP 2 3 RYEF
I MR 0.75 1.2 1.0 47 35 29 32 28
2 MR 1.10 1.4 1.0 63 69 49 57 13
3 MR 1.15 1.0 0.8 68 97 78 86 19
4 MR 0.50 1.0 0.7 30 21 15 17 II
5 MR 0.55 0.8 0.4 30 41 20 27 29
6 MR 0.80 1.6 0.9 65 57 32 41 36
7 MR 0.60 1.2 0.8 36 27 18 21 33
8 MR 0.75 1.6 0.6 24 30 II 16 33
9 MR 0.90 1.9 0.7 50 64 23 34 35
10 MR 1.25 1.2 0.7 67 119 69 88 31
11 MR 1.75 1.0 0.8 45 98 78 87 9
12 MR 0.90 1.5 0.8 48 54 28 37 13
13 MR 1.15 1.1 0.8 60 86 62 72 16
14 MR 0.65 1.1 0.7 28 26 16 20 44
15 MR 1.20 1.1 0.9 140 186 152 168 59
16 MS 0.90 1.1 0.6 75 112 61 79 33
17 MS 1.20 0.8 0.8 90 135 135 135 29
18 MS 1.00 0.8 0.8 36 45 45 45 24
19 MS 0.75 1.1 0.8 62 58 42 48 16
20 MS 0.85 1.0 1.0 70 66 66 66 18
21 MS 1.10 1.2 0.7 40 62 36 46 23
22 MS 1.60 1.2 0.9 90 160 120 137 21
Mean 1.0 1.2 0.8 57 75 54 62 26
± SO 0.3 0.3 0.1 27 45 39 42 12
Abbreviations as in Table 3.
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Table 5. Data in Patients With Mitral Valve Disease Without Wall Stress Measurements (Group
A) and With These Measurements (Group B)
Group A Group B
(n = 21) (n = 22)
No. (cl( ) Mean ± SO No. (%) Mean ± SO p Value
Age (yr) 56 ± 12 58 ± 14 NS
Men 3 (14) 9 (4l) NS
Women 18 (86) 13 (59) NS
LVSP (mm Hg) 130 ± 25 128 ± 24 NS
LVEDP (mm Hg) 15 ± 6 19 ± 1\ NS
PAWP (mm Hg) 22 ± 7 25 ± 8 NS
Mean PAP (mm Hg) 33 ± 16 39 ± 16 NS
RVSP (mm Hg) 49 ± 22 57 ± 27 NS
RVEDP (mm Hg) 10 ± 6 13 ± 7 NS
Mean RAP (mm Hg) 9 ± 5 12 ± 6 NS
CI (liters/min per m2 ) 2.2 ± 0.6 2.3 ± 0.6 NS
MS 13 (62) 9 (41)
MR 8 (38) 13 (59)
Associated CAD 7 (33) 5 (23) NS
PVR (dynes's'cm-') 314 ± 367 330 ± 369 NS
LVEF(%) 5\ ± 15 55 ± 15 NS
LVEDV(ml) 185 ± 105 168 ± 100 NS
RVEF (%) 27 ± 11 26 ± 12 NS
RVEDV(ml) 200 ± 114 235 ± 131 NS
Abbreviations as in Tables I and 2.
Figure 4. Right ventricular ejection fraction (RVEF) before (Pre-
op) and after (Post-op) mitral valve replacement. Means ± the
standard deviations are also shown.
measured by our technique may underestimate the true vol-
ume in patients with tricuspid regurgitation; as indicated,
only a few of our patients had right ventriculography to
exclude this diagnosis although tricuspid regurgitation was
not suspected clinically in any of the patients.
Errors in wall stress calculations. Measurement of the
wall stress was based on an equation that is used in eval-
uating elliptical chambers, such as the left ventricle (3). The
wall stress depends on geometry in addition to the pressure,
r-- P <0.01--,
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The lack of significant correlation between right ven-
tricular ejection fraction and wall stress suggests that other
factors may affect right ventricular function. such as de-
pressed inotropic response, interaction between the left and
the right ventricle and duration of the disease (not addressed
in our study). Our results also showed a significant corre-
lation between right ventricular ejection fraction and end-
diastolic volume. The right ventricular dilation in these pa-
tients is probably a compensatory mechanism to maintain
right ventricular output.
Konstam et al. (33), studying a group of patients with
atrial septal defect and pulmonary hypertension, found that
preoperatively the right ventricular ejection fraction was
normal. However, the right ventricular ejection fraction de-
creased after closure of the septal defect; this diminution
suggested that the increase in preload before surgery was a
compensatory mechanism to maintain the right ventricular
function in the presence of elevated afterload. Whether a
similar mechanism is present in patients with mitral valve
disease is unknown.
Limitations of study. Several limitations of our study
should be mentioned.
Lack of simultaneous measurements. The hemody-
namic, echocardiographic and radionuclide measurements
were not simultaneous. In other studies (34-39), simulta-
neous measurements were not made in evaluating left ven-
tricular function in patients with aortic stenosis.
Underestimation of volume in patients with tricuspid re-
gurgitation. The right ventricular end-diastolic volume
1410 ISKANDRIAN ET AL.
RIGHT VENTRICULAR FUNCTION
JACC Vol. 3. No.6
June 1984:1403-11
radius and thickness. However, Takahashi et al. (40) found
that the error introduced by assuming different geometries
is minimal. The relevance of wall stress to right ventricular
performance with its peculiar shape is not clear. There are
no previous studies that define the normal wall stress for
the right ventricle. Our results in normal subjects suggest
that normal values depend on the method of measurement,
that is, whether the wall thickness is considered to be rep-
resented by free wall, septum or average thickness of both
walls. Variation in wall stress in the same patient may,
therefore, be explained by relative thickness of one wall
compared with the other (Table 3). We suspect that using
the average thickness of both walls may be more appropriate
because both the septum and free wall contribute to the right
ventricular function.
Errors in M-mode echocardiographic measurements.
Lastly, errors introduced by measuring right ventricular di-
mension, wall thickness and ejection fraction should be
considered. All patients with technically inadequate echo-
cardiograms were excluded from our study, and the right
ventricular ejection fraction was measured in most patients
by the first-pass method (probably the present reference
standard). The right ventricular dimensions were measured
by echocardiography with the patients in the left decubitus
position. Given the crescent shape of the right ventricle, it
is not clear at which level the echo beam traversed the right
ventricular cavity. Moreover, the presence of paradoxical
septal motion in some patients may suggest that M-mode
echocardiography may not be ideal for this purpose. The
similarity between end-systolic radius in normal subjects
and in patients with mitral valve disease, despite an increase
in right ventricular volume in the latter, supports this ob-
servation. It may be that the echocardiographic measure-
ments were performed at the level of the right ventricular
outflow tract. Future studies should use two-dimensional
echocardiography to assess right ventricular dimensions and,
when possible, these measurements should be obtained si-
multaneously with right ventriclar pressure.
Clinical implications. Our results indicate that right
ventricular function is abnormal in most patients with mitral
valve disease. This abnormal function is due to (among other
factors) inappropriate wall stress and depressed inotropic
response. Therefore, these findings are similar to those per-
taining to left ventricular function in patients with aortic
stenosis (34). Right ventricular dilation is a compensatory
mechanism to maintain right ventricular cardiac output. Im-
provement of right ventricular function is observed in most
patients after mitral valve replacement.
We are deeply indebted to Wanda Klein and Valerie Wakefield for their
assistance in preparing the manuscript, and Edith Schwager for her editorial
assistance.
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